hackly outcrops, fine platy talus, and buff to red coloration caused by extensive hydrothermal alteration and weathering of pyrite are characteristic of this rhyolite. Phenocrysts may be absent fi'om a given hand specimen, but flow banding is conspicuous. Devitrified matrices consisting of feldspars, quartz, and pyrite or iron oxide include sparse quartz, K-feldspar, albite, biotite, and enstatite phenocrysts. Phenocrysts in basal vitrophyre are deuterically altered to hematite, illitc, and plagioclase. In the vicinity of vein deposits vitrophyre alters directly to kaolinitc, illite-montmorillonite, and pyrite. A chemical analysis of vitrophyric rhyolite (sample D, Table 1) indicates that it is peraluminous (Shand, 1947) . A rhyolite flow sampled at Windy Gap has a K-Ar age of 14.5___ 0.6 m.y. (sample BN82-1, Table 2 ).
Intrusive sources (Tri2) for some premineralization siliceous volcanic rocks are recognized near National. Porphyritic rhyolite occurs in thin dikes and elongate stocks which measure up to 1 mile in maximum dimension. In Charleston Gulch dikes are gradational with rhyolite flows lower in the section, but elsewhere similar-appearing intrusive rhyolite is younger than most premineralization rocks. Intrusive rhyolite which penetrated mafic flows at the National mine is 17.8 m.y. old (average of biotite and K-feldspar ages for sample Trdi, Table 2 ).
Textures and modal compositions of intrusive rhyolites vary somewhat throughout the district. Quartz, K-feldspar, albite, and biotite phenocrysts and porous matrix, partly filled with quartz and calcite, characterize these rocks. Virtually all intru- Table 2 ). Both intrusive rhyolites (Trie and Tri•) clearly penetrate flow rhyolites (Tr3) that are several million years younger, according to K-Ar dates. These conflicting age relations may stem from excess argon in intrusive rocks because it is less likely that widely scattered samples of volcanic rocks would reset to give consistent ages (Table 2) .
Capping Buckskin Mountain and unconformably overlying flow rhyolite are 300 to 600 ft of porphyritic, lithic rhyolite tuff (Tre) and superjacent wellbedded, volcaniclastic deposits (included with Tre in Fig. 2 
Age of mineralization
Stratigraphy and K-Ar dates (Table 2) indicate that precious metal veins in the National district are younger than both flow rhyolites (Tr3 and Tr,2) and intrusive rhyolites (Tri,2 and Tri•). Alunite, which occurs with silica and kaolinitc replacing tuff that caps Buckskin Mountain, is 15.6 m.y. old (average of samples BN2-268 and BN2-297, Table 2 ). The alunite is part of a near-surface hydrothermal assemblage which changes to precious metal-bearing assemblages with depth. The ages of alunite, the tuff (Tr,2) it replaces--sampled where unaltered several miles west and south of Buckskin Mountain--and premineralization rhyolite (Tr3, Table 2) 
Regional Structure
The National district lies on the western edge of a physiographic province in northern Nevada and southern Oregon-Idaho known as the Owyhee plateau. In Nevada the plateau consists of Miocene volcanic rocks which unconformably cover Mesozoic and Paleozoic strata from McDermitt 200 miles eastward to the Utah border. Volcanic rocks exceed 3,000 ft in thickness in the western part of the plateau but thin to the east. Pre-Tertiary rocks are exposed in ranges east of Midas, Nevada (Fig. 1). Average elevation of the plateau is 1,000 to 2,000 ft higher than valleys to the south and west.
Faults along the western margin of the plateau largely coincide with a pervasive, west-northwesttrending tectonic feature, the Orevada lineament, which is defined by distinct geologic and geophysical characteristics (Stewart et al., 1975; Rytuba, 1981 Hydrothermal alteration is associated with other intrusive rhyolites situated on the rim of the depression. Alteration related to known vein deposits is apparently confined to the National district, but rhyolitic eruptive centers 3 miles southwest of Buckskin Mountain (Fig. 2) and near the Spring City district (Fig. 4) The Bell vein apex is on the eastern slope of Buckskin Mountain (Fig. 2) . The vein strikes northsouth, dips 75 ø west, and averages 2 ft in thickness in the Buckskin National mine workings. The vein is entirely enclosed by rhyolite flows. It has been developed for 4,500 ft along strike and to 700 ft below the surface (Fig. 5) vein assemblages immediately beneath bedded chalcedonic sinter containing cinnabar (Fig. 7E, F, G (Fig. 8) . The breccia penetrates both rhyolite flow (Tr3) and rhyolite tuff (Tr2). These two rock types comprise all breccia fragments. Clasts/matrix volumes range from <0.25 to >20 (Fig. 7H) .
Bilithic breccia has texture that is locally indistinguishable from that of tectonic breccia and coarse 
National and Birthday veins
Five veins crop out near the deserted town of National but only two, the National vein and the Birthday vein, were appreciable precious metal producers. The veins intersect a variety of volcanic and intrusive rocks, but most gold and silver were mined from vein segments enclosed by silicic and intermediate rocks.
The National vein strikes north to N 25 ø W, dips 55 ø west, and is 2 to 5 ft thick. The vein is exposed on Charleston Hill and is enclosed by intrusive rhyolite and quartz latite (Fig. 2) . It has been developed for 2,000 ft along strike and to 700 ft below the surface (Fig. 5) . Most of the vein width consists of sheared wall rock in which discontinuous 6-in. quartz veins occur (Lindgren, 1915) . Economic quantities of precious metals are apparently restricted to quartz, and altered wall rock very rarely contains significant gold and silver values. Veins are composed of quartz, pyrite, marcasite, arsenopyrite, electrum, tetrahedrite, berthierite, stibnite, sphalerite, chalcopyrite, silver sulfosalts, silver-lead sulfosalts, galena, and pyrrhotite (Table 3) . Lindgren (1915) reports the presence of calcite and adularia. Some minerals that optically look like stibnite are actually berthierite and an antimony-arsenic sulfide (samples BN78-119A and BN78-156, respectively, Table 3 The Birthday vein strikes north, is vertical, and is i to 2 ft wide. It crops out on Radiator and Round Hills, and is enclosed by quartz latite and rhyolite flows (Fig. 2) . The vein can be traced for a strike length of 5,000 ft. Production and depth of mining are unknown but are probably both small figures. The vein consists of relatively coarse-grained quartz, pyrite, marcasite, tetrahedrite, an antimony-arsenic sulfide, silver sulfosalts, silver-lead sulfosalts, sphalerite, chalcopyrite, galena, arsenopyrite, and pyrrhotite, enclosed by strongly pyritized wall rock (Table 3) Except for the electrum shoot of the National vein, gold was a minor component of veins near National which derived their value chiefly from silver. The veins are partly oxidized, and nearsurface pockets of silver halides were mined. Although the National vein cropped out over the electrum stope, which was only 40 ft below the surface, no placer gold has ever been recovered from any drainages in the-district.
Hydrothermal silicate zoning in Buckskin Mountain
Hydrothermal assemblages enclosing precious metal veins in Buckskin Mountain were determined by surface and underground mapping, and by examination of 7,000 ft of diamond drill core. Petrographic, X-ray diffraction, infrared, and microprobe studies and chemical analyses defined mineralogieal and chemical transitions between assemblages. Five assemblages ,representing varying degrees of both hydrolysis and suifidation are associated with vein mineralization. In the aggregate these zoned assemblages minimally extended 2,000 ft below the surface and encompass 4 square miles centered on Buckskin Mountain (Fig. 9) . Chalcedonic silica + quartz + cinnabar: The uppermost part of the hydrothermal system which affected rhyolites comprising Buckskin Mountain (elev 8,743 ft) is manifested by a chalcedonic silica + quartz + cinnabar assemblage (Fig. 7E, F, G Kaolinite q-quartz +_ alunite +_ illite +_ pyrite: On the Hatch-Halcyon level (Fig. 5, elev 7,700 ft) hydrous silicate assemblages flanking open-spacefilled veins are well exposed. The assemblage replacing rhyolite immediately adjacent to the Bell vein in both hanging wall and footwall consists largely of kaolinitc and quartz, which color rhyolite light gray to white. Alunite is a local component which increases in abundance with increasing elevation until the kaolinitc q-quartz-dominated assem- All hydrolyzed silicate assemblages in the National district are structurally controlled or spatially related to intrusive rocks. There is no evidence for regional premineralization propylitic alteration that occurs near other precious metal deposits and consists of some of the same minerals that make up the chlorite + calcite + quartz assemblage at Buckskin Mountain.
Chemical changes: Six major oxide and selected minor element analyses of rhyolite from the HatchHalcyon level of the Buckskin National mine were used to characterize metasomatism adjacent to the Bell vein (Table 4 decrepitation from samples containing both populations average about 2 weight percent combined COs, carbon, sulfur, and other gases (Table 5 ). The phenomenon of double-freezing and other visual criteria for detecting COs clathration (Collins, 1979) were never observed during freezing studies. Therefore, all inclusion fluid behavior was assumed to correspond to the system H20-NaCI. Paragenetically early stage 1 quartz in deep level vein segments (<6,400-7,000-ft elevation) contains a liquid-rich inclusion population with uniform phase ratios. This population homogenizes at 295 ø to 250øC depending on elevation (Figs. 14 and 15 ) and the fluid contains 2.1 weight percent NaC1 (calculated on the basis of data in Clynne and Potter, 1977) . Relative to the established palcosurface these inclusions plot in the vapor domain for low-salinity hydrous fluids under hydrostatic pressure (Fig. 15) In Figure 15 , 0 and 5 weight percent H20 + NaC1 boiling curves are positioned so that siliceous sinter which caps Buckskin Mountain, the geologically inferred palcosurface, coincides with the intersection of the two curves at 100øC. Inversely, adjusting the curves to best fit histograms of samples in which boiling demonstrably occurred, places the (Fig. 15) . At higher vein levels reduction of temperature and pressure is 'manifested by bilithic breccia which extends from the palcosurface to a known depth of about 1,000 ft (Fig. 8) . Fractures open to the palcosurface caused fluids at all vein levels to assume hydrostatic head instantly and fluid temperatures to drop in response to steam loss (throttling), enhanced convective cooling, and possibly mixing with cooler ground water. Thus, the onset of precious metal mineralization was sponsored by sudden temperature and pressure reduction of approximately 40øC and 10 bars, respectively (Fig. 15) .
Temporal (Fig. 15) . Both convective and conductive heat loss were greatly accelerated in the tuff, with a consequent increase in the thermal gradient. covite + quartz at lower vein elevations, and 2 to 11 mole percent FeS in sphalerite (Table 3) Chemical trends are defined by mineral assemblages in deeper, higher temperature vein segments. At 250øC, mole percent FeS in sphalerite decreases with increasing elevation and fs., (Fig. 18 ). This isothermal relationship indicates that sulfidation as well as oxidation states (Fig. 16) increased slightly, probably in response to palcosurface proximity and boiling. The vein temperature decrease from 250 ø to 200øC was also accompanied by a slight increase in fo., (Fig. 16) , further reflecting the effects of boiling and mixing with oxygenated surface waters.
The solubility gradient for the aqueous silver species AgCI• is nearly orthogonal to the fo= and fs• trend for gold-silver vein segments (Fig. 16 ). An abrupt event such as boiling rather than gradual increases in fo., and pH or a temperature decrease probably caused most precious metal mineral precipitation at 250øC. The slope of contours for the aqueous gold species Au(HS)• also supports a dynamic precipitation mechanism. However, the gradient of Au(HS)• solubility curves is opposite that of AgCI• curves and the dissolved gold concentrations are exceedingly small. It is likely that the complex AuHS ø is more important for gold transport at low pH, according to the calculations of Seward (1973) .
Numerous variables, no fluid compositional data, and possible metastability render a chemical characterization of the palcosurface environment at Buckskin Mountain difficult. Conformity of fluid inclusion temperatures above 150øC to low-salinity boiling curves allows the prediction that silica 4-cinnabar-bearing sinter was deposited at about 100øC (Fig. 16) 
